Abstract. How strong is the interdependence between the macroeconomy and the stock market?
Introduction
[PRELIMINARY, this will be revised] How strong is the interdependence between the macroeconomy and the stock market?
The models of output and inflation determination that are commonly used to study monetary policy typically lack a transmission channel from asset prices to inflation and the output gap. A policy maker that aims to maximize the welfare of economic agents, in such models, would minimize a loss function that only depends on deviations of output and inflation from their targets, with no explicit consideration for what happens in the stock market.
Changes in the stock market, however, may affect the economy through different channels. One channel that has been largely studied occurs when changes in asset prices affect consumption spending decisions: this is so- Asset prices can also affect real activity trough other channels, as through the Tobin's Q effect on investment and through a balance sheet/credit channel effect. These channels are not considered in this paper.
There is substantial uncertainty about how important interdependencies between the stock market and macroeconomic variables are. Assuming that economic agents in the model have known through the whole sample the magnitude of the interdependencies may, therefore, seem a particularly strong assumption. The paper tries to relax the informational assumptions imposed by rational expectations and considers an alternative model under which agents form subjective, near-rational, expectations and can learn the model parameters over time.
Some criticisms of the conventional wealth channel effect have argued that changes in stock wealth mainly affect consumption through changes in expectations and consumer confidence, but no independent wealth effect exists.
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This paper includes both effects: a direct wealth effect of asset prices on consumption and output, and an effect of changes in asset prices on future expectations.
The model is estimated using likelihood-based Bayesian methods on monthly U.S. data to evaluate the strength of the stock market-macroeconomy interdependence. The constant gain coefficient is jointly estimated with the structural parameters of the economy. The econometric procedure, therefore, permits to extrapolate the learning process from the data, rather than imposing it a priori.
Results. The empirical evidence suggest a very small direct effect of asset prices on consumption. Fluctuations in the stock market, however, have had important effects on economic agents' expectations about future output gaps. The effect has considerably varied over the sample: in the first part, economic agents believed changes in the stock market to have a strong effect on output, while they revised their beliefs downward in the second part of the sample. An indefinite number of cohorts populate the economy. Each cohort may survive in any period with probability 1−γ, which may be more generally interpreted as the probability of remaining active in the market. 4 Each household of age j maximizes the lifetime utility at time 0
where C j,t denotes an index of consumption goods and N j,t indicate hours worked. Consumers discount utility at the rate 0 ≤ β ≤ 1, which denotes the usual intertemporal discount factor, and 1 − γ, where 0 ≤ γ ≤ 1 to account for the limited lifespan. They can invest in two types of financial assets: bonds and equity shares, which are issued by firms, which are also households' employers.
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Their portfolio, therefore, consists of a set of statecontingent assets with payoff B j,t+1 in t + 1, which they discount using the stochastic discount factor F t,t+1 , and equity shares Z j,t+1 (i) issued by firm i at the real price Q t (i) and on which they receive dividends D t (i).
Consumers maximize (2.1) subject to a sequence of budget constraints
where P t is the aggregate price level, (W t N j,t − P t T j,t ) is net labor income, and financial wealth Ω j,t is given by
A sketch of the model is presented here; the reader is referred to Nisticó (2005) for a detailed step-by-step derivation. 4 Therefore, 1/γ can be interpreted as the households' time horizon when taking consumption and financial decisions. The size of the cohort remains fixed, since by assumption a fraction γ of the total population is born and dies every period.
5 This is a model of a "cashless" economy as in Woodford (2003) .
and subject to a No-Ponzi-game condition
Financial wealth Ω j,t not only includes the portfolio of contingent claims and equity shares, but also, following Blanchard (1985) , the return on the insurance contract that redistributes among surviving cohorts the financial wealth of those that have exited the market. 
for their product, where Y t is the aggregate output, given by
where θ > 1 is the elasticity among differentiated goods.
Each firm faces the same decision problem and, if allowed to re-optimize, sets the common price p * t (i) to maximize the expected present discounted value of future profits:
where Π t+k (·) denotes firm's nominal profits in period t + k.
2.3.
Aggregate Dynamics. Log-linearization of the model first-order conditions around a zero-inflation steady state give the following equations, 6 This is why financial wealth is multiplied by
which summarize the aggregate dynamics of the economy:
where x t denotes the output gap, s t denotes the stock price gap, 7 π t denotes inflation, and i t denotes the short-term nominal interest rate. r n t is the natural rate of interest, e t is a shock in the stock price gap equation, which can be interpreted, for example, as an equity premium shock, and u t is a cost-push shock.
Equation (2.7) (1−γ) Ω P C , where Ω P C denotes the steady-state real financial wealth to consumption ratio. The magnitude of ψ and hence the magnitude of the wealth effect positively depend on the structural parameter γ, which as seen in (2.1), denotes the span of the agents' planning horizon. A high survival probability, in fact, or equivalently a long planning horizon (i.e. a low γ), implies a weaker wealth effect. Also, a shorter planning horizon affects the degree of consumption smoothing and the responsiveness of consumption to the real interest rate. 7 The output gap is given by the deviation of total output Yt from Y n t , the natural level of output, i.e. the equilibrium level of output under flexible prices. Similarly the stock price gap is defined as st ≡ qt − q n t , where qt is the real stock price and q n t is the corresponding flexible-price equilibrium level.
The stock-price dynamics is characterized by equation (2.8). The stock price gap depends on the expected stock price gap, the expected output gap, and the ex-ante real interest rate. λ is also a composite parameter, Equation (2.9) is the typical forward-looking New-Keynesian Phillips curve.
Inflation depends on expected inflation in t + 1 and on current output gap.
The parameter κ denotes the slope of the Phillips curve and negatively depends on α, the Calvo price stickiness parameter. 
where (2.12) describes the updating of the learning rule coefficients collected in φ t = (a t , vec(b t ) ) , and (2.13) characterizes the updating of the precision matrix R t of the stacked regressors X t ≡ {1,
0 . g denotes the constant gain coefficient.
Estimation
The vector Θ collects the coefficients that need to be estimated:
I use monthly data on industrial production, the S&P 500 stock price index, CPI, and the federal funds rate. The output gap x t is computed by detrending the log of the industrial production series using the Hodrick-Prescott filter. The real stock price gap s t is calculated as the S&P 500 index deflated using the CPI and then detrended using the Hodrick-Prescott filter. Inflation π t is constructed as the monthly change in the CPI, and the Federal Funds rate i t is taken in levels and converted to monthly units. The results may depend on the assumed learning process, if this is imposed a priori. Therefore, here, I instead estimate also the learning process (which depends on the constant gain coefficient) jointly with the rest of structural parameters of the economy. In this way, the best-fitting learning process is extrapolated from actual data along with the best-fitting preference and policy parameters.
I use the Metropolis-Hastings algorithm to generate draws from the posterior distribution. At each iteration, the likelihood is evaluated using the Kalman filter. I consider 500,000 draws, discarding the first 25% as initial burn-in.
The priors for the model parameters are described in Table 1 I also assume a Gamma prior distribution for the constant gain coefficient.
Finally, Beta distributions are used for the autoregressive coefficients and Inverse Gamma distributions for the standard deviations of the shocks. Table 2 reports the posterior estimates for the baseline model summarized by equations (2.7) to (2.10), with expectations formed using (2.11), (2.12), and (2.13).
How Large is the Wealth Effect?
The data support a rather low value for the probability of exiting the market parameter γ. The mean posterior estimate equals 0.008, which implies a decision planning horizon equal to 1/γ = 125 months, or roughly 10 and a half years. The implied wealth effect from change in asset prices on output, measured by the composite reduced-form parameter ψ 1+ψ is extremely small. The 95% highest posterior density interval includes values between 0 and 0.0027.
The estimate for γ implies that the degree of consumption smoothing and the sensitivity of output to changes in the real interest rate remain high and close to 1, which would be the degree of consumption smoothing in the nested case of a New Keynesian model without a wealth effect (as discussed, a high probability of leaving the market would considerably reduce those terms).
The posterior mean for the constant gain coefficient equals 0.0122, which is, as expected, lower than the values estimated in Milani (2007) , since it refers to monthly rather than quarterly data. The sensitivity of the stock price gap to output expectations, the reduced-form coefficient λ, has posterior mean 0.065. The posterior mean for θ equals 9.78, which implies a markup over marginal costs equal to 11.4%; the slope of the monthly Phillips curve is rather low (κ = 0.0084).
Does Monetary Policy React to Stock Market Fluctuations?
The data are suggestive that monetary policy has responded to the stock There is determinacy in the model only if the response to asset prices is below a certain threshold. Airaudo, Nisticó, and Zanna (2007) , in the same model used in this paper, study determinacy and E-Stability conditions.
They similarly show that a positive reaction to the stock price gap may enlarge the indeterminacy region. Indeterminacy is also more likely when γ is close to 0, as estimated in this paper, and when firms' markup µ is small.
The absence of a significant wealth channel would imply that any active reaction of monetary policy to asset prices is hardly necessary. But, in the estimated model, although the wealth channel is small, a response may be justified since asset prices seem to have had a positive effect on agents' expectations, as will be seen in the next section. In the model, asset prices affect the economy through a second effect, by leading economic agents to revise their expectations. This channel seems highly important from the estimation, although the effect has decreased over the sample.
I investigate the importance of stock prices on the economy by looking at the variance decomposition over the sample. As the impulse responses also the the outcome of the variance decomposition varies over time. Figure 2 reports the percentage of variance in the output gap that is explained by shocks in the stock price gap variable, shown across forecast horizons and over time. Table . .. reports the estimates of the full-sample model, which now allows the coefficients γ and χ s to be regime-contingent: the regime is defined by whether the stock price gap is positive or negative (or whether the stock price is increasing or decreasing). The results may differ using lower frequency data, although it is highly unlikely that the main conclusions would be altered. In future research, I
shall check whether the results persist on quarterly data. 
